Lilium longiflorum 'Hinomoto', the major lily cultivar in Japan, is regarded to have originated from natural individuals on Yakushima Island, and shows strong self-incompatibility; however, it was recently demonstrated that a population on Yakushima Island is dominant with weakly self-incompatible and completely self-compatible individuals, and this fact conflicts with the view that the strong self-incompatible 'Hinomoto' originated from Yakushima Island. The data by morphological and genetic analysis in this study indicate that 'Hinomoto' is genetically and morphologically different from natural individuals on Yakushima Island, but indicate that the origin of 'Hinomoto' could have been from any of the islands in the southern Ryukyu Archipelago.
Introduction
Lilium longiflorum Thunb. (Liliaceae) is endemic to the islands of the Ryukyu Archipelago and to the eastern seacoast and satellite islands of the mainland of Taiwan (Hiramatsu et al., 2001) . It was first reported scientifically in 1794 in Europe (Thunberg, 1794) , and is currently cultivated worldwide as Easter lily. 'Hinomoto' is currently the major L. longiflorum cultivar with big flowers and broad leaves, and it accounts for 95% of the all L. longiflorum production in Japan (Matsukawa, 1995) . The cultivar was said to have been established from individuals collected on Yakushima Island (Matsukawa, 1999) . 'Hinomoto' shows strong self-incompatibility and it has been used as a plant material to study the self-incompatible system of L. longiflorum (Amaki et al., 1989; Hiratsuka et al., 1983 Hiratsuka et al., , 1989 Tezuka et al., 1993 Tezuka et al., , 2007 . Recently, Hiramatsu et al. (2001) suggested based on isozyme analysis, that a population on Yakushima Island is maintained by selfing of self-compatible individuals. It has also been demonstrated that a population on Yakushima Island is dominant with weakly self-incompatible and completely self-compatible individuals (Sakazono, unpublished) . These findings conflict with the view that strong selfincompatible 'Hinomoto' originated from Yakushima Island.
We, therefore, tried to clarify the origin of 'Hinomoto' by conducting genetic analysis by Amplified Fragment Length Polymorphism (AFLP) and assessing floral and leaf morphological variations in L. longiflorum seedlings from natural populations and 'Hinomoto'.
Materials and Methods

Plant materials
Lilium longiflorum seedlings were established from more than 20 capsules of individuals, which are genetically different, in 16 natural populations covering the entire species distribution (Table 1 and Fig. 1 ) and bulbs of 'Hinomoto' were used for this study. Twelve individuals were grown in a container (35 cm × 50 cm × 30 cm) in a greenhouse in an experimental field of Kyushu University without heating. All seedlings used for each analysis were the same age.
Principal coordinate analysis by AFLP fingerprints
Two to five individuals in each population were analyzed (Table 1) . Genomic DNA was isolated from fresh leaves according to Kobayashi et al. (1998) . The AFLP method was performed as described by Vos et al. (1995) , with some modifications, as stated by Saruwatari et al. (2007) . Four primer combinations were used for selective PCR; a combination of EcoRI + CAGTT/MseI + ACT, EcoRI + CAGTG/MseI + ACT, EcoRI + CAGTG/ MseI + ACA, and EcoRI + CAGCC/MseI + ACA. AFLP fragments were analyzed by GeneScan version 3.7 software (Applied Biosystems, California, USA), and 232 the presence or absence of bands was scored as 1/0 in a binary data matrix. The genetic relationship between individuals was estimated from the genetic distance (Nei, 1972) using PHYLIP version 3.62 (Felsenstein, 2005) . Then, to visualize the relationship between individuals from each natural population and 'Hinomoto', genetic similarity was calculated according to Tanaka and Tarumi (1995) . Principal coordinate analysis (Gower, 1966) was conducted by PCO version 2.0 (Iwata, 2005) .
Principal components analysis by floral morphology
Six floral morphological characters (anther length, pistil length, stamen length, ovary length, corolla length, and corolla width) were measured and prepared as a data matrix for principal components analysis. Anther length was measured on three undehisced anthers of each flower on the day of anthesis and other characters were measured three days after anthesis. One flower was used in an individual and data on each character were averaged for the population. Principal components analysis was performed using JMP5.0.1J software (SAS Institute Inc., North Carolina, USA). A two-dimensional scatter diagram of each population was made by averaging the calculated first and second principal component scores for each individual. Ten individuals in nine populations were used for morphological analysis, but seven to nine individuals were in the remaining seven populations because of the paucity of available individuals (Table 1) . Morphological data from three 'Hinomoto' bulbs were averaged for analysis.
Leaf morphology
Leaf length and leaf width of three stem leaves at 15 to 20 cm above the ground in each individual were measured and averaged to estimate leaf morphological variation within and among populations and 'Hinomoto'. Leaf morphology data was not incorporated into the principal components analysis of floral morphology because they were measured in the same plants but separately.
Results and Discussion
Primer combinations in AFLP analysis all identified extremely high polymorphism (Table 2) , and the 'Hinomoto' has large flowers and broad leaves (Matsukawa, 1995) . Principal components analysis was applied to six floral characters, and the first and second principal components accounted for 76.1% of the total variance. Principal component (PC) 1 accounted for 61.3% of the variance and positively correlated with anther length, pistil length, stamen length, and corolla length. PC2 accounted for 14.8% of the variance and positively correlated with ovary length (Table 3) . Analysis showed that populations in the northern Ryukyus have smaller flowers, while those in the southern Ryukyus have larger flowers, although relatively wide variation was observed within populations. It also revealed that 'Hinomoto' has relatively large sexual organs, except for the ovary and wider corolla. Flowers of 'Hinomoto' were not morphologically similar to those of individuals from a population on Yakushima Island (YA) but were very similar to a population on Ishigakijima Island (IS) (Fig. 3) .
Leaf morphology of each population varied among populations and cultivar (Fig. 4) . 'Hinomoto' had the widest leaves and its leaf morphology was dissimilar to that of individuals from Yakushima Island (YA).
'Hinomoto' was registered as a Lilium longiflorum (Matsukawa, 1995; Shimizu, 1971) . It has been reported that the original bulb of 'Hinomoto' had been grown and propagated by Kiemon Nakahara, and the bulb was originated one of the three natural individuals taken from Yakushima Island by an employee of Higo Timber Company, Fukuoka in 1944 (Matsukawa, 1999) . Shimizu (1971) also described that 'Hinomoto' was selected from natural individuals originating from Yakushima Island. The comparison of genetic and morphological similarity in the present research obviously rejects that 'Hinomoto' originated from natural individuals on Yakushima Island (YA), although it might have originated from any of the islands in the southern Ryukyus. This conclusion is consistent with the data that these populations are dominated by selfincompatible or predominant self-incompatible individuals (Sakazono, unpublished). 
